This is an open access article under the terms of the Creat ive Commo ns Attri butio n-NonCo mmerc ial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. 
| INTRODUCTION
Osteonecrosis of femoral head (ONFH) is a complicated disease in clinic and is usually divided into traumatic and nontraumatic types. Alcohol-induced ONFH caused by excessive alcohol intake over a long period of time is a type of nontraumatic ONFH. The etiology of alcohol-induced ONFH is complicated. Early diagnosis of this disease is difficult, and the complex pathological process is often manifested due to abnormal lipid metabolism and inflammation. Excessive alcohol drinking may result in dyslipidemia, abnormal differentiation of bone marrow mesenchymal stem cells (BMSCs) and bone metabolic disorders. Moreover, alcohol has a significant dose effect on bone homeostasis (Gaddini, Turner, Grant, & Iwaniec, 2016) . However, we found in clinical work that only a portion of people who drank similar amounts of alcohol developed ONFH.
Some studies have suggested that the ONFH disease is caused by the interaction between genetic and environmental factors (Song et al., 2017; Wang, Azeddine, et al., 2018; Zhou, Qu, Lv, & Zhu, 2018) . Therefore, genetic polymorphisms involved in alcohol metabolism, lipid metabolism, bone and circulatory homeostasis may lead to differences in susceptibility to alcohol-induced ONFH (Cui, Kaisaierjiang, Cao, Wu, & Lv, 2014; Hadjigeorgiou et al., 2008) .
RETN (resistin; OMIM: 605565), located on chromosome 19, encodes resistin. Resistin affects bone metabolism and in vitro studies have shown that it can promote bone remodeling (Thommesen et al., 2006) . Some scholars believe that there is a negative correlation between resistin content and bone density (Oh et al., 2005; Pedone et al., 2013; Zhang et al., 2010) . Plasma resistin is also correlated with insulin resistance, lower HDL-C, and high hs-CRP (Osawa et al., 2007) . Studies have shown that the polymorphisms of RETN have significant effect on plasma resistin concentration (Asano et al., 2010) . In recent years, some scholars have found that the polymorphism of human RETN is also associated with osteoarthritis and rheumatoid arthritis (Hamalainen, Solovieva, Vehmas, Hirvonen, & Leino-Arjas, 2018; Junker et al., 2017; Wang, Tang, et al., 2018) .
LDLR (low density lipoprotein receptor; OMIM: 606945) is located on chromosome 19, which plays a critical role in regulating the plasma cholesterol level. Mutations in LDLR result in elevated cholesterol (Hobbs, Brown, Russell, Davignon, & Goldstein, 1987) . Cholesterol is one of the risk factors for osteoporosis and cholesterol metabolic disorders is detrimental to bone health (Li et al., 2018; Mandal, 2015) . Alterations in the function of the LDLR affected bone development and homeostasis (Yang & Williams, 2017) .
There are few studies on the association of RETN and LDLR with alcohol-induced ONFH. This work studies the association between RETN and LDLR genetic polymorphisms and the susceptibility of alcohol-induced ONFH in Chinese Han population, which can guide the identification of highrisk alcohol-induced ONFH patients.
| MATERIALS AND METHODS

| Ethics approval and consent to participate
This study was conducted under the approval of the Second Affiliated Hospital of Inner Mongolia Medical University of Inner Mongolia, China and Zhengzhou Traditional Chinese Medicine (TCM) Traumatology Hospital of Henan Province, China. Blood samples were collected at the time of initial diagnosis after informed consent was obtained from all participants.
| Subjects
All the 402 individuals including 201 cases and 201 controls were male and members of Chinese Han population living in Henan Province in China. Individuals who disagree to participate in this study were excluded.
The cases in our research satisfy the following criteria: (a) Patients should have a history of alcohol intake >400 ml/ week (320 g/week, any type of alcoholic beverage) of pure ethanol for more than 6 months; (b) ONFH should be diagnosed within 1 year after the alcohol intake with this dose; (c) Patients should not have direct trauma and other risk factors (such as history of taking corticosteroids, cardiovascular diseases, congenital diseases, human immunodeficiency virus infection, diabetes mellitus, renal dysfunction, cancers, and familial hereditary diseases); (c) The diagnosis and staging of alcohol-induced ONFH was evaluated by X-ray, computed tomography(CT), nuclear magnetic resonance imaging (MRI); The selection criteria for control: (a) The age of the control group was matched with that of the case group; (b) The controls should have a history of alcohol intake >400 ml/week (320 g/week, any type of alcoholic beverage) of pure ethanol for more than 6 months; (c) No ONFH occurred; (d) Other factors were excluded (history of taking corticosteroids, cardiovascular diseases, congenital diseases, human immunodeficiency virus infection, diabetes mellitus, renal dysfunction, cancers, and familial hereditary diseases).
| SNP selection and genotyping
The GenBank reference sequence and version number: RETN (Reference Sequence and version number: NG_023447.1; accession: NG_023447), LDLR (Reference Sequence and version number: NG_009060.1; accession: NG_009060). All eleven SNPs in RETN and LDLR with minor allele frequencies >5% were selected from the 1,000 Genomes Project databases (http://www.inter natio nalge nome.org/). Blood samples were collected in tubes containing ethylene diaminetetraacetic acid (EDTA) and stored at −80°C after centrifuging at 2,000 rpm for 10 min. Genomic DNA was extracted from the peripheral blood of the participants using the GoldMag whole blood genomic DNA purification kit (GoldMag Co. Ltd., Xi'an, China). DNA concentration was determined by using a NanoDrop 2000C spectrophotometer (Thermo Scientific, Waltham, MA). The genotyping primers were designed with the Agena MassARRAY Assay Design 3.0 Software. Agena Typer 4.0 Software was used for managing the related data and the Agena MassARRAY RS1000 was used for genotyping.
| Statistical analyses
All statistical analyses were performed using Microsoft Excel, SPSS 19.0 (SPSS, Chicago, IL) and PLINK version 1.07 software. Two-sided p-values less than 0.05 were considered statistically significant. The alleles of cases and controls were tested by Chi-square test. The genotype frequencies were tested by logistic regression and the control group was compared with expected frequencies to test the deviations from Hardy-Weinberg equilibrium (HWE). Associations between SNPs and the risk of alcohol-induced ONFH were tested in four genetic models (codominant, dominant, recessive, and log-additive) using PLINK version 1.07 software and determined by unconditional logistic regression adjusted for age. Linkage disequilibrium among polymorphic sites was assessed with Haploview software package (version 4.2).
| Bioinformatics and expression analyses
The Genotype-Tissue Expression (GTEx) project provides a scientific resource to study SNPs and gene expression levels. In this research, online database (http://www.gtexp ortal.org/) was used to investigate the association between the 11 selected SNPs and the expression of two genes.
| RESULTS
This study involved 402 male subjects as shown in Genetic models were used to compare the SNP genotypes and the risk of alcohol-induced ONFH. The results of logistic regression analysis for each genetic model are shown in Table 3 . Four SNPs in RETN had strong associations with alcohol-induced ONFH in genetic models after they were adjusted by age. It was discovered that rs7408174 was associated with increased risk of alcohol-induced ONFH in dominant model (OR = 1.57, 95% CI: 1.05-2.34, p = 0.028) and log-additive Table 4 . The rs3745368 in RETN shows association with the clinical stages (p = 0.022). Comparisons of lipid levels between each genotype are shown in Table 5 . The blood lipid levels of different SNP genotypes were compared by Analysis of Variance (ANOVA), but no difference was found.
T A B L E 4 The association of genotypes in RETN and LDLR genes with the clinical phenotypes
T A B L E 5
F I G U R E 1
Haplotype block map for the seven SNPs in the RETN gene. Block 1 includes rs34861192 and rs3219175
F I G U R E 2
Haplotype block map for the four SNPs in the LDLR gene. Block 1 includes rs14158, rs2738464, and rs2738465 The Linkage analysis showed that two SNPs (rs34861192, rs3219175) in RETN (Figure 1 ) and three SNPs (rs14158, rs2738464, rs2738465) in LDLR exhibited significant linkage disequilibrium (Figure 2 ).
T A B L E 6
In Table 6 , the risk alleles of rs34861192 (p = 4.0 × 10 -14 , p = 6.4 × 10 -8 ) and rs3219175 (p = 1.6 × 10 -14 , p = 1.9 × 10 -9 ) were associated with increased expression of RETN gene in the whole-blood and muscle-skeletal. In contrast, rs2738464 (p = 3.4 × 10 -5 ) was associated with decreased expression of LDLR gene in muscle-skeletal.
| DISCUSSION
In this research, it was discovered that RETN genetic polymorphisms were associated with alcohol-induced ONFH risk among Chinese Han individuals. The rs3745368 was associated with the stages of the disease, and more patients with AA genotype were in Stage II than those in Stage III and Stage IV. However, more patients with AG and GG genotypes were in stage III. The SNPs (rs7408174, rs34861192, and rs3219175) are located in the upstream of RETN and rs3745369 is located in the downstream. The rs34861192 is associated with the level of serum insulin, glycemic index and cholesterol (Zhou, Chen, Ji, Luo, & Luo, 2018) . The cholesterol of the case group was measured but no association with this SNP was found. In orthopedic diseases, individuals with the C allele of the SNP rs7408174 and the AG or A allele of the SNP rs3219175 are at a higher risk of developing rheumatoid arthritis compared with wild-type (Wang, Tang, et al., 2018) . Plasma resistin level is strongly affected by rs34861192, rs3219175, and rs3745368 (Asano et al., 2010; Nakatochi et al., 2015) . Using GTEx portal, RETN and LDLR expressions in different genotype individuals were compared and it was found that the risk alleles of rs34861192 and rs3219175 were associated with increased expression of RETN gene in the whole-blood and muscle-skeletal. We observed from Tables 2 and 3 that the number of GG genotypes in rs34861192 and rs3219175 in the case group was significantly higher than that in the control group, while the number of AG/AA genotypes was lower than that in the control group. The SNPs rs34861192 and rs3219175 located in the promoter region of RETN were associated with resistin levels. Moreover, the number of minor alleles of the two SNPs was negatively associated with DNAm level at cg02346997 (Nakatochi et al., 2015) . We also discovered these two minor alleles reduce the risk of ONFH. Therefore, we hypothesized that different genotypes in these two SNPs affected the expression of resistin in bones, which then had an impact on the occurrence of ONFH. It was also found that the risk alleles of rs2738464 decreased the expression of LDLR in muscle-skeletal, but no significant difference was observed between this genotype and alcohol-induced ONFH. By comparing the blood lipid levels between the case group and the control group, we discovered that TC/HDL-C and LDL-C/HDL-C in the case groups were much higher than those in the control group, which showed the disorder of lipid metabolism in alcohol-induced ONFH. This result may be related to the decrease of HDL-C in the case groups and studies have found that resistin affects HDL-C levels (Osawa et al., 2007) . To identify the effect of the five SNPs on the metabolic disorder of alcohol-induced ONFH, we examined blood lipid levels and analyzed their associations. However, no significant association was found due to two possible reasons: (a) Dietary differences in the subjects may have an impact on lipid levels; (b) For this analysis, only 201 cases of the population were studied, which resulted in a small number of each genotype, which may affect the results.
| CONCLUSION
In summary, this study suggested that polymorphisms of RETN were associated with the alcohol-induced ONFH. The SNPs (rs7408174, rs34861192, rs3219175, and rs3745369) in RETN were associated with the risk of alcohol-induced ONFH. The rs3745368 was associated with the stage of the disease. The levels of TC/HDL-C in the case group was significantly lower than that in the control group. This study provide new insights to facilitate early diagnosis and early prevention of ONFH, as well as for new candidate gene studies. The sample size will be increased to stud the mechanism of RETN action in our future research.
